Patient reported outcomes (PROs) are questionnaire measures of patients' symptoms, functioning, and health-related quality of life. They are designed to provide important clinical information that generally cannot be captured with objective medical testing. Recent legislative developments in the United States support greater efforts to include patients' reports of health experience to evaluate treatment outcomes, engage in shared decision-making, and prioritize the focus of treatment. PROs have garnered increased attention by the Food and Drug Administration (FDA) for evaluating drugs and medical devices. Recent calls for comparative effectiveness research favor inclusion of PROs. In 2004, the National Institutes of Health launched a research initiative to improve the clinical research enterprise by developing state-of-the-art PROs. The NIH Patient Reported Outcomes Measurement System (PROMIS) and Assessment Center are the products of that initiative. Adult, pediatric, and parent-proxy item banks have been developed using contemporary psychometric methods, yielding rapid, accurate measurement. PROMIS currently provides tools for assessing physical, mental, and social health using short-form and computer adaptive testing methods. The PROMIS tools are being adopted for use in clinical trials and translational research. They are also being introduced in clinical medicine to assess a broad range of disease outcomes. There is potential for use of PROs to improve quality of care and disease outcomes, to provide patient-centered assessment for comparative effectiveness research, and to enable a common metric for tracking outcomes across providers and medical systems.
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Introduction
Over a decade ago, the National Institutes of Health (NIH) recognized shortcomings in the quality of the Patient-Reported Outcomes (PRO) available for outcome measures in clinical trials. 1 Existing "legacy" measures had undergone development without the advantages of contemporary psychometric advances. As a result, NIH included in its Roadmap grant program a major initiative called the Patient-Reported Outcome Measurement Information System (PROMIS). PROMIS aims to "reengineer the clinical research enterprise" by creating generic health measures with improved reliability, validity, and precision relative to existing instruments that are premised on classical test theory. 2, 3 The NIH PROMIS research program (2004-present) has funded over a dozen research sites across the country to engage in fundamental psychometric item bank and scale development. This paper outlines the thinking behind the PROMIS initiative and the psychometric advances applied to the initiative. It also addresses contemporary health care policy mandates relating to PROs as well as opportunities for novel use of PROs beyond outcomes in clinical trials. The goal of this paper is to acquaint the reader with PROMIS and PRO measurement issues and to demonstrate how recent developments have the potential to modernize measurement in clinical trials, facilitate comparative effectiveness research (CER), and improve clinical care.
Patient-Reported Outcomes
PROs are health experiences and evaluations that are assessed by patient report, such as symptoms, assessments of functioning, well-being, health perceptions, and satisfaction with care. Measurement of PROs may be conducted by interview or, more often, by questionnaire on paper, computer, or automated telephone delivery. Clinical research has used PRO measurements for decades, often focusing on a limited set of health concepts [4] [5] [6] and typically using disease-specific scales for a particular disease, such as arthritis or asthma. Historically, PRO measures have been of variable psychometric quality (measurement characteristics of test), providing limited ability to measure accurately the upper and lower ends of the trait and inadequate content coverage of the measured domain. Inconsistency across studies in the use of scales has led to data silos, that is, the inability to exchange information across systems, posing important challenges for synthesis of results across studies, impeding meta-analyses and comparisons of treatment effectiveness. 8 From PROMIS's outset, the involvement of patients and content experts has been extensive and has been harnessed to explicate content within domains. 9, 10 Once a pool of items is created using these qualitative methods, large field tests are conducted and item response theory (IRT) approaches are applied to calibrate the item bank, thereby creating a scoring system to norm responses to the general U.S. population. 11 These steps have facilitated significant advances in the content validity and evaluation of coverage of the full range of health experience across the domain (see www. nihpromis.org and the SCIENCE tab for detailed information on PROMIS development procedures). Many legacy instruments suffered from shortcomings in sensitivity at the low and/or high ends of the scale, thus providing limited accuracy for the healthiest and the most affected respondents. 12 PROMIS items, however, have undergone rigorous testing for evidence of differences by respondent characteristic (e.g., sex, age, education). 13 Final item banks have been calibrated to general U.S. adult and child population norms by using the t-score metric (mean = 50, standard deviation = 10). 14 The PROMIS initiative has extended this work with a focus on validation studies across several disease groups and settings. Results to date demonstrate that the PROMIS measures function as well as or better than legacy measures, as demonstrated by improved reliability and evidence of increased sensitivity to clinical change. 15 PROMIS uses a domain-specific rather than disease-specific measurement approach.
2 Domains are clinically coherent and empirically unidimensional health attributes. The domain-specific approach is based on the perspective that health attributes are not unique to a specific disease, although disorders may have characteristic profiles within domains. The creation of item banks that are not disease-specific permits the comparison of measurements across diseases. Such an approach allows an investigator to determine, for example, the impact of a new medication on fatigue for patients with chronic fatigue syndrome, multiple sclerosis, and cancer. Moreover, it allows for pragmatic research with patients with several diseases, measuring outcomes for domains regardless of specific disease contribution. Pragmatic research is particularly important for CER that examines the relative positive and adverse effects of different treatments for a condition, permitting determination of whether effects vary by patient and disease characteristics. 16 A particularly exciting product of the PROMIS IRT approach has been the application of computer-adaptive tests (CAT). Given that each item's psychometric characteristics are known, computer assessment software can iteratively deliver a brief and targeted sequence of items to an individual based on his or her previous item responses. 17 The typical PROMIS CAT involves four to eight items--a minute or two of questions--for a domain. To make CAT administration accessible to clinical researchers, the PROMIS initiative helped develop Assessment Center, a free, online tool that enables the creation of study-specific, secure web sites for administering PROMIS and other PRO short forms and CATs 18 (see http:// www.nihpromis.org/software/assessmentcenter). Via the Internet, Assessment Center permits accurate assessment of PROs with low patient burden in medical offices, research clinics, and elsewhere. A user manual; online video tutorials on PROMIS, CAT, and Assessment Center; FAQs, and a live customer support help desk are available to support the use of Assessment Center. In addition, a schedule of in-person training workshops is posted on the Assessment Center website (www.assessmentcenter.net).
The list of available PROMIS measures continues to expand and includes adult, pediatric, and parent-proxy scales (https://www. assessmentcenter.net/documents/InstrumentLibrary.pdf). In Figures 1 and 2, we display current PROMIS domains for adults and children/adolescents. Several of the domains include subdomains (e.g., pain intensity, pain interference, pain behavior, pain quality).
With few exceptions, the domains are also available in Spanish; other language translations are in various stages of completion (http://www.nihpromis.org/measures/translations). Ongoing work is dramatically expanding the pediatric measure set to include item banks for pain, stress, positive psychological functioning, and family belonging. Adult item banks for gastrointestinal symptoms and self-efficacy for management of chronic conditions are also under development.
Adult Self-Reported Health
Global Health The most active area of investigation is clinical validation of existing measures to evaluate their responsiveness to clinical change across a wide range of conditions. With PROMIS measures designed to provide precise measurement across the full range of the health domain, it is possible that ongoing and planned research will show substantial advantages of PROMIS viz-a-viz existing legacy measures. Pediatric measurement is another area of investigation that has received substantial attention and investment. Over the next several years, research will be done to statistically link pediatric and adult measures of the same concept (e.g., anxiety or physical functioning) to provide a single scale that accounts for the pediatric-adult transition, thereby enabling life-course research. Perhaps the most rapidly growing set of research questions relates to the incorporation of PROs into clinical practice, performance assessment, and comparative effectiveness research.
Physical
Comparative Effectiveness Research
The 2010 Patient Protection and Affordable Care Act set the stage for several important developments for improving both the evidence base and the delivery of medical care in the United States. One such development is increased support for implementation of the electronic health record (EHR). Another development is the mandate that clinical care and clinical research incorporate the patient's perspective. The mandate followed the 2009 guidance issued by the FDA on necessary criteria for using PROs to support claims for medical product labeling. 19 Although not new concepts, [20] [21] [22] these developments are converging to create a strong interest in patient-monitoring tools in clinical care.
In 2009, Congress appropriated $1.1 billion to prioritize comparative effectiveness research, requiring the Agency for Healthcare Research and Quality, National Institutes of Health, and U.S. Department of Health and Human Services to share the funds in support of CER. The impetus was the recognition that medical providers and patients have little empirical information available to evaluate the comparative benefits of different treatments to inform clinical decisions. Scant data on treatment efficacy, side effects and adverse events for different subgroups of patients (e.g., sex, race, age, medical comorbidities) has further hampered informed decisions. 23 Moreover, from a national economic perspective, the nation's high medical care expenditures, compared with other industrialized countries' significantly lower expenditures, point to the need to examine the effectiveness of health policy approaches in the United States. 24, 25 Commentary has suggested the need for dedicated resources and new approaches in research and clinical settings to generate comparative effectiveness data.
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New Roles for PROs
One of the shifts that is taking place with the increased focus on CER and greater inclusion of patients in the dialogue is interest in expanding the scope of clinical outcomes evaluated in trials. For example, while health providers may focus primarily on biological outcomes such as laboratory tests and imaging results, patients are asserting the importance of additional outcomes such as fatigue, sleep quality, ability to engage in valued activities, and depression. 27 These health experiences may be measured accurately through patient self-reports, which, alongside biological clinical data, offer opportunities for understanding treatment effects that extend beyond conventional clinical research activity. Assuming that PRO measures are calibrated to a common metric, data may be aggregated across practitioners and clinical sites to enable repurposing of the EHR and PRO data for CER.
Potential of PROs for Improving Clinical Care
Recent developments in health care policy have called for greater engagement of patients in health care, shared decision-making, and patient-centered care. 21, 22, 28, 29 Such a policy focus is particularly relevant for chronic diseases where sustained and active patient involvement in daily disease management is a cornerstone of successful care. 30, 31 PROs may play several roles in clinical care of the patient. They can provide clinical information for medical decision-making. They can identify patients' areas of concern that should be addressed during a visit but that the provider might not recognize. When completed in advance, PROs can contribute information for pre-planning of visits by the patient care team. They can assist clinicians in monitoring patient status longitudinally, providing an important source of information about treatment response. Moreover, monitoring of patient status on PROs can occur without in-office evaluations, perhaps extending visit intervals in the absence of complications or leading to earlier visits and interventions as indicated.
PROs that measure valued outcomes create an opportunity to clarify patients' priorities and to prompt expanded and effective discussions about patient preferences for disease management. 32, 33 Nonetheless, the PRO literature has identified logistical and technical barriers to implementation, such as respondent burden, time constraints, and lack of standardized and individualized assessments. 34, 35 Practical issues have complicated PRO collection, such as rushed assessments in the waiting room or lack of time during the medical visit. 36, 37 The PROMIS measures address some of these issues by providing PRO measures that are psychometrically sound, brief (four to eight items/domains), accurate, and available via multiple modes of administration.
Another application is the use of PROs to monitor health over time across a patient population within an electronic record keeping system. There has been increasing interest in utilization of PROs as performance measures (http://www.qualityforum. org/Projects/n-r/Patient-Reported_Outcomes/Patient-Reported_Outcomes.aspx#t=2&s=&p=2%7C). Assessments of PROs can contribute to health care systems' examination of the system-wide effectiveness of care by considering factors such as ranges and averages of patient outcomes. Systematic PRO collection can also create opportunities for understanding outcomes associated with individual providers.
Despite these advances, there is little evidence to guide the effective integration of PROs into day-to-day patient care. In fact, published research to date is largely disappointing in that PRO administration has mostly yielded increases in chart notations of eGEMs PRO scores and associated diagnoses with little or no impact on patient care and outcomes. 35, [38] [39] [40] This seemingly meager utility in clinical care has been attributed to a lack of understanding of the factors required to make PRO information comprehensible and useful to health providers and patients. 33, 34, 41, 42 Nonetheless, integration of PROs into EHRs is rapidly approaching a tipping point.
PROs in EHR Patient Portals
EHR vendors are starting to recognize the importance of PROs for clinical practice, performance improvement, and research. For example, with its software release in fall 2012, Epic, a leading EHR developer, provided its customers with a novel PRO application (details available in Epic 2012 release notes). Epic developers have made available a library of PRO measures to end-users, who can select from the included instruments or add their own PROs. PROMIS short forms for physical functioning, pain interference, global health, sleep disturbance, fatigue, depression, anxiety, and ability to participate in social roles and activities are being made available for adults. For pediatric patients, PROMIS self-report and parent proxy-report measures are included for mobility, upper-extremity functioning, pain interference, fatigue, depressive symptoms, anxiety, peer relationships, and asthma impact.
Local Epic user groups can program the software to instruct clinical users to define an "event" to direct the administration and reporting of their patients' PROs. An "event" can be an upcoming healthcare service such as an office visit or surgery, hospitalization, acute illness, a change in health status, or a pre-defined interval, e.g., every 4 months for patients with chronic disease. For example, an orthopedic surgeon and a patient conclude that a knee replacement is the best option. The surgery date can be treated as the "event. " PROMIS measures of physical functioning, pain, and ability to participate in social roles and activities can be scheduled for completion one week pre-operatively, one week post-operatively, and three months post-operatively. Once launched, the application sends the patient an email asking him or her to complete the PROs at the designated times relative to the surgery. The patient accesses the patient portal of the EHR to complete the assessment. These data are scored and stored in the EHR database, and can be retrieved by the surgeon in tabular or graphical form just as laboratory data are currently displayed.
PROMIS instruments are poised for integration into clinical practice by incorporating common data element standards and definitions, including Logical Observation Identifiers Names and Codes (LOINC) and Systematized Nomenclature of Medicine-Clinical Terms (SNOMED CT). Furthermore, PROMIS instruments that are captured within Assessment Center can use Health Level Seven (HL7) messaging, the most widely used standard for exchanging health care data within and between health care organizations.
Systematic and uniform assessment of PROs in a structured data-capture system will enable the use of patient self-reports for CER-whether for N-of-1 trials aggregated to make inferences across a population or for more traditional CER designs. The ability to conduct CER with observational data is strengthened when PRO and clinical data are married in the same patient record, with data displayed in a clear and interpretable format to separate visit-to-visit variation from meaningful change. The technological potential is likely to continue advancing with the generation of creative solutions for integrating the broad and multisource facets of patient data. 43 
Examples of Clinical Sites Using PROMIS PROs
As the potential for benefit is recognized, there increasing instances of PROs being incorporated into clinical care. Several medical centers that have prioritized the improvement of health outcomes have introduced PROs into clinical settings. Cleveland Clinic, Northwestern University, University of Washington, and Cincinnati Children's Hospital are examples of institutions that have systematically integrated PROs, including PROMIS, into clinical settings. At Cleveland Clinic Neurological Institute patients are scheduled to arrive 20 minutes before their appointment to complete health status measures including PROMIS that are integrated into the electronic health record. 44 At the Robert H. Lurie Comprehensive Cancer Center of Northwestern University, PROMIS CATs are used in an initiative to screen for distress and other outcomes as well as conduct a needs assessment in gynecologic oncology patients. Patients have the opportunity to complete the measures before their visit via the patient portal of the EHR. Scores that exceed an established threshold or requests for services generate messages within the EHR for the appropriate clinical care team member, e.g., a social worker. The Lurie Center's project addresses an accreditation standard set by the American College of Surgeons Commission on Cancer for routine screening of distress. 45 PRO measures also have been integrated into clinic visits at University of Washington outpatient HIV Clinic by allotting time prior to the visit for assessment. As a result, PRO measures have drawn provider attention to depressive symptoms, poor medication adherence, and at-risk behaviors. 46 In pediatric care, Cincinnati Children's Hospital Medical Center is using PROs in 12 subspecialty clinics, with more widespread rollout planned to clinics system-wide. The initiative will satisfy several goals. It will serve the clinical needs of subspecialty clinics by, for example, using the PROMIS pain interference measure in the rheumatology clinic. Over time, it will also monitor the health of the medical center's population as a whole by assessing general health-related quality of life (personal communication with Evaline Alessandrini, MD, James M. Anderson Center for Health Systems Excellence, Cincinnati Children's Hospital Medical Center, March 2013).
The State of PRO Integration Science
While these initiatives are exciting, it remains to be seen whether integration of PROs into the clinical encounter will yield better patient outcomes than the more traditional exchange of information between patient and provider. There is some evidence, however, from a research setting that PROMIS items can be used to associate change in treatment directly to outcome, thus helping to identify the most effective treatment.
Using individual patients as the unit of measure, Kaplan and colleagues used PROMIS items to associate change in treatment for inflammatory bowel disease with outcomes. 47 Using mobile and web-based data collection of PROMIS and other measures, they generated a graphical display of PRO data with statistical process control charts to determine when changes in medical therapy were reflected in meaningful changes in PROs. They used the data to identify the most effective treatment for a given patient in order to deliver personalized care. Crosby and colleagues are using PROMIS measures to assess the impact on health outcomes of a self-management program for adolescents with sickle cell disease. The program uses the EHR patient portal. It conducts PRO assessment and provides patients with resources for general disease-related information, access to their own laboratory data, and self-management tips. It also enables patients to provide health updates (weekly) via emails to their health care team. In- Some studies have used randomized, controlled designs to compare outcomes when PROs are and are not integrated into care. When we look at this research, the majority of trials only engaged the patient on a single occasion for assessment. 36, 48 This inhibits provider monitoring of patients' evolving health status and assumes that clinical decision-making can be based on a single evaluation. 39, 49, 50 A review showed that 50 percent of single-feedback PRO trials (n = 14) demonstrated a significant increase only in chart notations and diagnoses, with no evidence of treatment plan changes. Only 2 of 11 studies found a significant impact on referrals and additional consultations. 35 Potentially, the benefits of PROs can be enhanced if their implementation mirrors the process of clinical decision-making that occurs in chronic disease care, that is, longitudinally. 48 One of the most common barriers to successful PRO integration is providers' failure to value the PRO information for the management of their patients. Patient PRO reports need to be presented in a clinically relevant format with clear interpretive guidelines, and they must add value to the clinical encounter, be cost-effective, and should not impede the clinical workflow. 32, 33 Prior studies have presented PRO information to clinicians in various ways; however, provider preferences for particular formats of PRO delivery and their ease of interpretation have not been examined. 41 In fact, EHR implementation is advancing ahead of systematic evaluation of usability by patients and providers. 51 Qualitative investigations are needed to characterize the needs of health care providers to facilitate PRO integration, 52 along with systematic clinical trials that study the efficacy of PRO integration.
Summary
PROs have rapidly increased in significance as the national dialogue on health policy has focused more on comparative effectiveness research, incorporating the patient perspective into medical decision-making and evaluating broader treatment outcomes. The NIH PROMIS initiative provides state-of-the art item banks for adult, pediatric, and parent-proxy measurement of physical, mental, and social health domains. The measures may be administered rapidly as short forms or computer-adaptive tests. PROMIS tools are being adopted in clinical trials, comparative effectiveness research, and also in clinical care by hospitals and electronic health record vendors. Use of PROs offers the potential to broaden the focus of clinical encounters to include additional health experiences of importance to the patient and to provide a means for monitoring patient status and treatment outcomes longitudinally through patient portals in the EHR. Today's focus on quality of patient care and clinical outcomes will undoubtedly incorporate PROs into evaluations of system-wide and individual provider treatment outcomes. Systematic studies that investigate the best methods for using PROs in clinical care and for evaluating their impact on patient outcomes are now needed. eGEMs additional information on the PROMIS ® initiative. The authors are grateful to William Riley, PhD, and Kevin Weinfurt, PhD, for their helpful reviews of the manuscript.
